October 14, 2003

Dave D. Lauriski

Assistant Secretary of Labor for
Mine Safety and Health

1100 Wilson Boulevard

Arlington, VA 22209-3939

Fax: (202) 693-9441

Re: Proposed Rule on Diesel Particulate Matter Exposure of Underground Metal and Nonmetal
Miners

Dear Assistant Secretary Lauriski:

Public Citizen opposes the Mine Safety and Health Administration’s (MSHA’s) August 14, 2003
Notice of Proposed Rulemaking (Proposed Rule),' which would undo existing legal protections
for the over 17,000 miners' laboring in metal and non-metal mines who are exposed to diesel
particulate matter (DPM), a long-recognized cause of lung cancer. While the industry may chafe
at requirements to protect workers, the current regulations are based in solid science and,
according to MSHA’s own estimates, represent a relatively minor cost to industry. There is
simply no excuse for undoing them.

On January 19, 2001, MSHA published a Final Rule governing miner exposure to DPM.* The
rule established an Interim Concentration Limit of 400 ug/m’ of total carbon, with which
industry was supposed to be compliant by July 2002, and a Final Concentration Limit of 160
ng/m’, scheduled to take effect in January 2006.> The rule was the product of an extended
regulatory process going all the way back to 1992, when the agency first proposed to lower DPM
exposure significantly. During the intervening years, industry had multiple opportunities to raise
its concerns about the proposed standard. Now, it seems, very similar concerns are being
directed at fresh ears and, despite a body of scientific literature that has grown in size,
sophistication and certainty about the carcinogenic properties of DPM, the agency is proposing
to reverse much of what has been accomplished (see attached Table).

The first step in the undoing of the Final Rule was MSHA’s agreement, after extensive
discussions with industry and labor, not to issue citations for noncompliance with the Interim
Concentration Limit until July 19, 2003, a decision that was announced in a notice in the Federal
Register on July 18, 2002.* This had the effect of negating a crucial element of the Final Rule,
without public comment. After the expiration of that agreement in July 2003, MSHA replace it
with a Compliance Guide.” The Compliance Guide effectively defers enforcement of the Interim
Concentration Limit, allowing mine operators to substitute the use of personal protective
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equipment for compliance with the Interim Concentration Limit “where controls are infeasible.””

With respect to the Interim Concentration Limit, the Proposed Rule echoes the Compliance
Guide and, ominously, promises that the Final Concentration Limit will be revisited “in the near
future” in the form of a separate rulemaking procedure. Step-by-step, worker protections are
being peeled back.

Beyond its non-enforcement of the Interim Concentration Limit and its plan to “revisit” the Final
Concentration Limit, the agency in its Proposed Rule is now proposing several other dangerous
modifications to the Final Rule. The Final Rule contemplates occasional extensions to the Final
(not the Interim) Concentration Limit for technological reasons only; this is to be accomplished
through an application to the Secretary. In contrast, the Proposed Rule would permit extensions
to the much-more-lenient Interim Concentration Limit, recognize both technological and
economic causes for exemptions and allow District Managers to issue extensions. The Final
Rule required that engineering or work practice controls be used to reduce DPM to the Interim or
Final Concentration Limits. In contrast, the Proposed Rule permits a mine operator to substitute
less-protective respirators if that operator can convince an MSHA District Manager that it is not
feasible for that operator, technologically or economically, to comply with that limit. Finally,
whereas the Final Rule permitted measurements of DPM through personal, occupational or area
samples, the Proposed Rule permits personal samples only, reducing inspector flexibility. Based
on prior experience, there is reason to be concerned that workers will be shifted to lower-
exposure tasks on sampling days; in such a circumstance, the personal sample would be
inappropriately low, whereas occupational or area samples would measure the worker’s typical
exposure.

A long series of studies conclusively demonstrates the potential of DPM to cause lung cancer.’
In the Final Rule, MSHA exhaustively reviewed the then-available studies. The agency
identified 47 epidemiologic studies, dating back to 1957, which had examined the risk of lung
cancer among people exposed to DPM on the job (usually miners, railroad workers or truck
drivers). Of the 47 studies, 41 showed some association between DPM and lung cancer; this
finding was statistically significant in 25 studies. Importantly, the studies reviewed by MSHA
found elevated lung cancer risks at DPM levels significantly below current exposures in U.S.
mines and even at levels below the Final Concentration Limit. The remaining six studies showed
some negative association between DPM and lung cancer, but only one study reached statistical
significance. However, that study’ did not have a minimum period of exposure or latency, had a
relatively youthful cohort, did not have detailed exposure histories and did not adjust for the
“healthy worker effect.”® In the Final Rule, the agency concluded that the study “contributes
little or no information on the potential health effects of long-term dpm exposures and that
whatever information it does contribute does not extend to effects, such as cancer, expected in
later life.” The Proposed Rule adds three additional studies to the 47, all of which were positive.
For reasons unclear to us, a relatively recent study by Larkin, et al., involving over 55,000
railroad workers, has not been included in the Final Rule or the Proposed Rule. That study
showed an excess risk of lung cancer of 44% for those with the longest histories of exposure.’

In addition, in the Final Rule the agency identified two meta-analyses, which analyze and
statistically combine the results of the epidemiologic studies. These found statistically
significant increased risk of lung cancer among DPM-exposed workers of 30%-40%.



The leading institutions in carcinogenesis have also concluded that DPM causes lung cancer.
The International Agency for Research on Cancer and the World Health Organization have
concluded that diesel exhaust is probably carcinogenic in humans and the National Toxicology
Program has stated that diesel exhaust is reasonably anticipated to be a human carcinogen. As
long ago as 1988, the National Institute for Occupational Safety and Health recommended that
DPM be regarded as a probable or potential human carcinogen.

MSHA’s own risk assessment in the Final Rule (not revised in the Proposed Rule) found that,
depending on the level of exposure and the estimate of risk assumed, the excess risk of lung
cancer death (compared to no exposure to DPM), based on a working lifetime of exposure to
then-current levels of DPM, was as high as 800 per 1,000 workers. This means that as many as
80% of workers so exposed could die from lung cancer as a result of DPM exposure. These risks
are considerably greater than the 1 per 1,000 worker excess risk standard established in the
benzene case as sufficient to require government regulation. Moreover, the risk assessment
concluded that a reduction from then-current exposure levels to 160 pg/m’ would prevent
between 68 and 620 lung cancer deaths per 1,000 metal and nonmetal miners over a 45-year
working lifetime. Clearly, any further delay in enforcement will take a heavy toll in workers’
lives.

Predictably, some in the mining industry are using their financial resources to challenge, among
other things, the feasibility of engineering controls and other measures to reduce miners’
exposure to DPM. Despite these claims, measurements collected by MSHA over the last year
and published with the Proposed Rule confirm the agency’s findings that greatly lowered
concentration limits are feasible. MSHA reports that during the so-called “baseline” study
(conducted from October 2002 to March 2003), the median DPM concentration was 209 pug/m”,
substantially below the 400 pg/m’ Interim Concentration Limit, even though most mine
operators have not yet implemented any controls. Only 16% of measurements exceeded the
Interim Concentration Limit. Most trona'® measurements are already compliant with the Final
Concentration Limit. Furthermore, MSHA reports that of 31 mines selected by the industry and
sampled for DPM prior to the baseline study, “...five mines were already in compliance with the
interim concentration limit, and another two mines were already in compliance with the final
concentration limit.”! MSHA would be wise to heed the words of the Appellate Court ruling
supporting the Occupational Safety and Health Administration’s 1974 vinyl chloride health
standard: “the Secretary is not restricted by the status quo.”"!

In the Final Rule, MSHA estimated the annual cost of complying with the rule for the entire
industry at $25.1 million, or about $128,000 per mine. Data since collected by the agency
suggest that the cost of compliance may be lower. Using the same methodology, but
incorporating specific data from these same 31 mines, the annual cost of complying with the
Final Rule was estimated at $103,000 per mine. This represents 0.18% of annual revenues at
these mines. Thus, meeting the requirement of the Final Rule is certainly economically feasible
for this industry as a whole.



The Mine Act explicitly states that:

No mandatory health or safety standard promulgated under this subchapter shall
reduce the protection afforded miners by an existing mandatory health or safety
standard."

The changes contemplated in the Proposed Rule, as well as the presumed weakening of the Final

Concentration Limit yet to be proposed, appear to be inconsistent with that mandate.

Sincerely,

Peter Lurie, MD, MPH
Deputy Director

Sidney M. Wolfe, MD
Director
Public Citizen’s Health Research Group



! Federal Register, Vol. 68, 48668-48721, August 14, 2003.

? Federal Register, Vol. 66, 5706-5910, January 19, 2001.

? In these comments, all exposure concentrations are for measurements of Total Carbon, not
Elemental Carbon or Diesel Particulate Matter.
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> Mine Safety and Health Administration. Metal and Nonmetal Interim Diesel Particulate Matter
(DPM) Standard: Compliance Q&As. Final version (August 5, 2003). Available at:
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% These comments focus only on the propensity of DPM to cause lung cancer and not on its
association with other conditions, including bladder cancer and cardiovascular, pulmonary and
immunological toxicity.

" Christie DG, Brown AM, Taylor RJ, Seccombe MA, Coates MS. Mortality in the New South
Wales coal industry, 1973-1992. Medical Journal of Australia 1995;163:19-21.

¥ The healthy worker effect occurs when the mortality rate for workers is artificially lowered
compared to the general population because people too ill to work are removed from the
workforce.

? Larkin EK, Smith TJ, Stayner L, Rosner B, Speizer FE, Garshick E. Diesel exhaust exposure
and lung cancer: adjustment for the effect of smoking in a retrospective cohort study. American
Journal of Industrial Medicine 2000;38:399-409.

' A mineral that is a source of sodium

' Society of the Plastics Industry, Inc. v. Occupational Safety and Health Administration, 509
F.2d 1301 (2d Cir. 1975).
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From: Peter Lurie [mailto:plurie@citizen.org]
Sent: Tuesday, October 14, 2003 4:44 PM

To: comments@msha.gov

Subject: Diesel Particulate Matter

Attached please find Public Citizen's comments on the Proposed Rule published in the
Federal Register of 8/14/03

Peter Lurie, MD, MPH

Deputy Director

Public Citizen's Health Research Group
1600 20th Street, NW

Washington, DC 20009

Phone: (202)588-7781

Fax: (202)588-7796

Email: plurie@citizen.org

Web address: http://www.citizen.org
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October 14, 2003

Dave D. Lauriski

Assistant Secretary of Labor for
Mine Safety and Health

1100 Wilson Boulevard

Arlington, VA 22209-3939

Fax: (202) 693-9441

Re: Proposed Rule on Diesel Particulate Matter Exposure of Underground Metal and Nonmetal
Miners

Dear Assistant Secretary Lauriski:

Public Citizen opposes the Mine Safety and Health Administration’s (MSIIA’s) August 14, 2003
Notice of Proposed Rulemaking (Proposed Rule),' which would undo existing legal protections
for the over 17,000 miners’ laboring in metal and non-metal mines who are exposed to diesel
particulate matter (DPM), a long-recognized cause of lung cancer. While the industry may chafe
at requirements to protect workers, the current regulations are based in solid science and,
according to MSHA’s own estimates, represent a relatively minor cost to industry. There is
simply no excuse for undoing them.

On January 19, 2001, MSHA published a Final Rule governing miner exposure to DPM.”> The
rule established an Interim Concentration Limit of 400 pg/m> of total carbon, with which
industry was supposed to be compliant by July 2002, and a Final Concentration Limit of 160
ng/m®, scheduled to take effect in January 2006.> The rule was the product of an extended
regulatory process going all the way back to 1992, when the agency first proposed to lower DPM
exposure significantly. During the intervening years, industry had multiple opportunities to raise
its concerns about the proposed standard. Now, it seems, very similar concerns are being
directed at fresh ears and, despite a body of scientific literature that has grown in size,
sophistication and certainty about the carcinogenic properties of DPM, the agency is proposing
to reverse much of what has been accomplished (see attached Table).

The first step in the undoing of the Final Rule was MSHA’s agreement, after extensive
discussions with industry and labor, not to issue citations for noncompliance with the Interim
Concentration Limit until July 19, 2003, a decision that was announced in a notice in the Federal
Register on July 18, 2002.* This had the effect of negating a crucial element of the Final Rule,
without public comment. After the expiration of that agreement in July 2003, MSHA replace it
with a Compliance Guide.> The Compliance Guide effectively defers enforcement of the Interim
Concentration Limit, allowing mine operators to substitute the use of personal protective
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equipment for compliance with the Interim Concentration Limit “where controls are infeasible.””

With respect to the Interim Concentration Limit, the Proposed Rule echoes the Compliance
Guide and, ominously, promises that the Final Concentration Limit will be revisited “in the near
future” in the form of a separate rulemaking procedure. Step-by-step, worker protections are
being peeled back.

Beyond its non-enforcement of the Interim Concentration Limit and its plan to “revisit” the Final
Concentration Limit, the agency in its Proposed Rule is now proposing several other dangerous
modifications to the Final Rule. The Final Rule contemplates occasional extensions to the Final
(not the Interim) Concentration Limit for technological reasons only; this is to be accomplished
through an application to the Secretary. In contrast, the Proposed Rule would permit extensions
to the much-more-lenient Interim Concentration Limit, recognize both technological and
economic causes for exemptions and allow District Managers to issue extensions. The Final
Rule required that engineering or work practice controls be used to reduce DPM to the Interim or
Final Concentration Limits. In contrast, the Proposed Rule permits a mine operator to substitute
less-protective respirators if that operator can convince an MSHA District Manager that it is not
feasible for that operator, technologically or economically, to comply with that limit. Finally,
whereas the Final Rule permitted measurements of DPM through personal, occupational or area
samples, the Proposed Rule permits personal samples only, reducing inspector flexibility. Based
on prior experience, there is reason to be concerned that workers will be shifted to lower-
exposure tasks on sampling days; in such a circumstance, the personal sample would be
inappropriately low, whereas occupational or area samples would measure the worker’s typical
exposure.

A long series of studies conclusively demonstrates the potential of DPM to cause lung cancer.’
In the Final Rule, MSHA exhaustively reviewed the then-available studies. The agency
identified 47 epidemiologic studies, dating back to 1957, which had examined the risk of lung
cancer among people exposed to DPM on the job (usually miners, railroad workers or truck
drivers). Of the 47 studies, 41 showed some association between DPM and lung cancer; this
finding was statistically significant in 25 studies. Importantly, the studies reviewed by MSHA
found elevated lung cancer risks at DPM levels significantly below current exposures in U.S.
mines and even at levels below the Final Concentration Limit. The remaining six studies showed
some negative association between DPM and lung cancer, but only one study reached statistical
significance. However, that study’ did not have a minimum period of exposure or latency, had a
relatively youthful cohort, did not have detailed exposure histories and did not adjust for the
“healthy worker effect.”® In the Final Rule, the agency concluded that the study “contributes
little or no information on the potential health effects of long-term dpm exposures and that
whatever information it does contribute does not extend to effects, such as cancer, expected in
later life.” The Proposed Rule adds three additional studies to the 47, all of which were positive.
For reasons unclear to us, a relatively recent study by Larkin, et al., involving over 55,000
railroad workers, has not been included in the Final Rule or the Proposed Rule. That study
showed an excess risk of lung cancer of 44% for those with the longest histories of exposure.’

In addition, in the Final Rule the agency identified two meta-analyses, which analyze and
statistically combine the results of the epidemiologic studies. These found statistically
significant increased risk of lung cancer among DPM-exposed workers of 30%-40%.



The leading institutions in carcinogenesis have also concluded that DPM causes lung cancer.
The International Agency for Research on Cancer and the World Health Organization have
concluded that diesel exhaust is probably carcinogenic in humans and the National Toxicology
Program has stated that diesel exhaust is reasonably anticipated to be a human carcinogen. As
long ago as 1988, the National Institute for Occupational Safety and Health recommended that
DPM be regarded as a probable or potential human carcinogen.

MSHA’s own risk assessment in the Final Rule (not revised in the Proposed Rule) found that,
depending on the level of exposure and the estimate of risk assumed, the excess risk of lung
cancer death (compared to no exposure to DPM), based on a working lifetime of exposure to
then-current levels of DPM, was as high as 800 per 1,000 workers. This means that as many as
80% of workers so exposed could die from lung cancer as a result of DPM exposure. These risks
are considerably greater than the 1 per 1,000 worker excess risk standard established in the
benzene case as sufficient to require government regulation. Moreover, the risk assessment
concluded that a reduction from then-current exposure levels to 160 pg/m’ would prevent
between 68 and 620 lung cancer deaths per 1,000 metal and nonmetal miners over a 45-year
working lifetime. Clearly, any further delay in enforcement will take a heavy toll in workers’
lives.

Predictably, some in the mining industry are using their financial resources to challenge, among
other things, the feasibility of engineering controls and other measures to reduce miners’
exposure to DPM. Despite these claims, measurements collected by MSHA over the last year
and published with the Proposed Rule confirm the agency’s findings that greatly lowered
concentration limits are feasible. MSHA reports that during the so-called “baseline” study
(conducted from October 2002 to March 2003), the median DPM concentration was 209 pug/m”,
substantially below the 400 pg/m’ Interim Concentration Limit, even though most mine
operators have not yet implemented any controls. Only 16% of measurements exceeded the
Interim Concentration Limit. Most trona'® measurements are already compliant with the Final
Concentration Limit. Furthermore, MSHA reports that of 31 mines selected by the industry and
sampled for DPM prior to the baseline study, “...five mines were already in compliance with the
interim concentration limit, and another two mines were already in compliance with the final
concentration limit.”! MSHA would be wise to heed the words of the Appellate Court ruling
supporting the Occupational Safety and Health Administration’s 1974 vinyl chloride health
standard: “the Secretary is not restricted by the status quo.”"!

In the Final Rule, MSHA estimated the annual cost of complying with the rule for the entire
industry at $25.1 million, or about $128,000 per mine. Data since collected by the agency
suggest that the cost of compliance may be lower. Using the same methodology, but
incorporating specific data from these same 31 mines, the annual cost of complying with the
Final Rule was estimated at $103,000 per mine. This represents 0.18% of annual revenues at
these mines. Thus, meeting the requirement of the Final Rule is certainly economically feasible
for this industry as a whole.



The Mine Act explicitly states that:

No mandatory health or safety standard promulgated under this subchapter shall
reduce the protection afforded miners by an existing mandatory health or safety
standard."

The changes contemplated in the Proposed Rule, as well as the presumed weakening of the Final

Concentration Limit yet to be proposed, appear to be inconsistent with that mandate.

Sincerely,

Peter Lurie, MD, MPH
Deputy Director

Sidney M. Wolfe, MD
Director
Public Citizen’s Health Research Group
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AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 38:399-409 (2000}

Diesel Exhaust Exposure and Lung Cancer:
Adjustment for the Effect of Smoking
in a Retrospective Cohort Study

Emma K. Larkin,’ Thomas J. Smith,? Leslie Stayner,®> Bernard Rosner,®

Frank E. Speizer,® and Eric Garshick!4

Background The extent that cigarette smoking may confound the relationship between
diesel exhaust exposure and lung cancer was assessed in a rerrospective cohort study of
55,395 U.S. railroad workers followed from 1959 1o 1976.

Methods The relative risk (RR) of lung cancer due to diesel exhaust was indirectly
adjusted using job-specific smoking data from a case-control study of railroad workers
who died berween 19811982 and from a survey of 514 living workers from an active
railroad in 1982, Adjustment fuctors were developed based on the distribution of job-
specific smoking rares.

Results The unadjusted RR for lung cancer was 1,58 (95% CI = [.14-2.20) for workers
aged 4044 in 1959, who experienced the longest possible duration of exposure, and the
smoking adjusted RR was 1.44 (1.01-2.05).

Conclusions After considering differences in smoking rates berween workers exposed
and unexposed to diesel exhaust in a relarively large blue-collar cohonrt, there were still
elevated risks agf lung cancer in workers in jobs with diesel exhaust exposure, Am. ]. Ind.
Med. 38:399-409, 2000. Published 2000 Wiley-Liss, inc.!

KEY WORDS: ennfounding; diesel exhaust; lung cancer; railroad workers; smoking

INTRODUCTION

A limitation of retrospective studies of lung cancer is
the inability to directly obtain information regarding
cigarette smoking. The degree that cigarette smoking
canfounds the results of a retrospective study depends on
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the extent to which the distribution of smoking behavior
difters among subjects with and without the exposure under
study. This limitation may be important if the true relative
rsk of disease is small, since differences in cigarette
smoking may explain a substantial part of the observed
refative risk attdbutable to the exposure. One method of
controlling for smoking in retrospective studies is to
compare the risk of disease among individuals of similar
socioeconomic classes, i.c.. blue collar workers, since

- smoking behavior is 8 correlate of socioeconomic class

[Brackbill et al., 1988: Stellman et al., 1988]. In 1988, our
research group reported the results of a retrospective cohort
study conducted smong 55407 railroad workers that
indicated that waorkers with the most diesel exhaust
exposure had the greatest risk of dying of lung cancer
{Garshick et al., 1988]. An internal control population of
unexposed clerks and signal workers was selected (o match
the social class gradient of the exposed brakemen,
conductors, hostlers, engineers, firemen, and shop workers,
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400 arkin et al.

It was i possible 10 assess the smaoking habits of the cohort
directly because mortality was ascertained retrospectively
between 1259 and 1980.

‘We apply the distribution of jub-specific smoking habits
of occupations within the railroad industry to assess whether
using an internal referent population effectively controls for
the impact of smoking on lung cancer. These smoking
histories were obtained from next-of-kin in an accompany-
ing case-control study of deaths in the U.S. railroad industry
collected between 3/1/81 and 2/28/82 [Garshick et al.,
1987a}. and smoking habits oblained from a survey of active
railroad workers in 1982 [Garshick et al., 1987b]. We use
the method of adjustment proposed by Schlesselman [1978]
and Axelson [1980] who illustrated their methods by using
hypothetical values for the proportion of smokers, whereas
we use actual data from railroad workers and dedve
confidence limits for our adjusted estimates.

MATERIALS AND METHODS

Cohort Study

Dctwils regarding the design of the retrospective cohort
study have been previously published [Garshick et al.,
1988]. Briefly, the U.S. railroad industry changed from
steum 10 diesel power over the decade of the 1950s such that
by 1952, roughly half the locomotives were diesel powered
and by 1959. 95% werc powered by diesel. The U.S.
Railroad Retirement Board (RRB) maintains work, retire-
ment, and death records for each railraad worker with more
than 10 years of railroad employment. An Infersiate
Commerce Commission (JCC) job code was available
vearly for each selected rajlroad worker starting in 1959
until death or retirement. Based on an industrial hygiene
survey [Woskie et al. 1988a, 1988b]. of over 150 job
categories. 39 job codes were selected for study and
classified as representing workers with either diesel-exposed
(hostlers, liremen. brakemen. conductors, engineers or shop
workers) or unexpased (signal maintainers or clerks) jobs. A
cohort of 55407 subjects aged 40-64 in 1959 with 10-20
vears of railroad work was defined in 1959. Deaths were
ascertained from RRB records through 1980. and death
centificates were received for 88% of the known 19.396
deaths, Cases of lupg cancer were identified using death
certificates. :

After publishing the initial results, it was recopnized
that there was an under-ascentainmernt of deaths between
1977 and 1980, with up to 70% of the deaths missing by
1980 [Crump. 1999. Crump et 2l.. 1991. Health Effects
[nstitwe. 1995]. Therefore. in conlrast 1o the original
publication. the current analysis was limited to the years
19591976, where death ascertainment was believed to be
complete. and 12 subjects were excluded due to erraneous
work historics.

Poisson regression was performed using the statistical
package EPICURE [Preston and Pierce, 1993]. Railroad
workers tended to remain in the same job category
throughout their careers: and, therefore, job title in 1059
was a predictor of future exposure category. Age in 1959
was divided into S-year age groups: 45~49. 5054, 55-59,
6064, with age group 40-44 used as the referent category.
Occupational codes were classified as diesel-exposed/
unexposed in 1959 or stratified into the djesel exposure
categories of engineers/fireman, brakemen/conductors/hos-
tlers. and diesel repair shop warkers. To assess the effect of
working in a diesel-exposed job within each 1959 age
group, interaction terms between age category in 1959 and
job category were constructed. Thus, the regression model
included the interaction terms between 5-year age groups in
1959 and 1959 job category as well as indicator variables for
age group and job categoery. This allowed the calculation of
the relative risk of workers in a diesel exhaust exposed job in

- 1959 relative to unexposed workers in the same age

category. Calendar year in l-year intervals and attained
age in S-year intervals were controlled for in the analysis
using the stratification command in EPICURE. A log-linear
relationship between the predictor variables and lung cancer
mortality was assumed, In contrast to the resulls in the
original publication, in this analysis. occupational code-
specific relative risks (engineers/fireman, brakemen/con-
ductors/hostlers. and diesel repair shop workers) are
presented.

Additional analyses in this cohort have been conducted
using other measures of cumulative exposure {California
Environmenwal Protecgon Agency. 1598: Crump., 1999
Crump et al.. 1991]. such as years in a diese] exhaust-
exposed job and levels of diesel particulate estimates based
on the results on industrial hygiene surveys [Woskie et al.,
1988a, 1988b]. However, these measures have limitations
that would lead to exposure misclassification. It was not
possible to determine the earliest that each subject had
waorked with diesel locomotives rather than steam locomo-
tives before 1939, Due to differences in engine design, it is
possible that work with diese] locomotives early in the
follow-up period would have resulted in more diesel
exposure than in later years. Finally. estimates of exposure
to diese! were obtained from four smaller Northern railroads
and may not be applicable to all exposure scenarios. Conse-
quently in this paper. exposure will only be considered based
on job title 5n 1059 as a surrogate of cumulative exposurs,

Overview of Smoking Adjustment
Method

The daa for the adjustment procedure was obtained
from two sources: next-of-kin smoking Histaries obtained
from a case-conirol study of deaths among railroad workers
who died between March (981 and February 1982



[Garshick et al.. 1987a] and a mail sucvey of 514 waorkers
in a single railroad conducted in 1982 [Garshick et al.
1987h].

Case-Control Study

The original case-control study wus designed as a
matched case-control study of lung cancer and diesel
exhaust exposure. Lung cancer deaths. in railroad workers
born after $B899. were matched on age and date of birth with
up to two randomly selected control deatbs from the same
cohort who died within 30 days of the case, after excluding
those who died of an accidental cause or cancer. Additional
deaths were selected from cases of other cancer and
respiratory deaths.

Smoking data were collected through a questionnaire
sent through the mail or a telephone interview with the next-
of-kin of the decedent. Questions about smoking included:
(1) Did the deceased ever smoke cigarettes? (2) How old
was the deceased when he last smoked? (3) On the average
of the entire time he smoked, how many cigarettes per day

did he smoke? (4) About how old was he when he ﬁrsr.

started 1o smoke cigatettes? Smoking history was categor-
ized into the following: (1) never smokers, (2) smokers of
1-20 cigarettes per day. (3) smokers of 21 or more
cigarettes per day, (4) former smokers who had quit for at
lzast 2 years but less than ten, und (5) fonmer smokers who
had quit for 10 or more years. Of proxy respondents 78.9%
were spouscs, and 11,98 were children of the deceased. The
remaining respondents consisted of other relatives or family
friends. Of 3.554 white male subjects with complete
smoking histories and a known occupation in 1959, there
were 883 individuals who died from lung cancer, 414
individuals who died of respiratory deaths, 717 individuals
who died from other cancers, and 1.540 individuals who
died of other causes except accidental deaths.

The smoking categories in the case-conwol srudy were
stratified by the subject’s age in 1959 to consider the
smoking habits of workers in the same age as those in the
retrospective cohort study. Job groups (engineer/fireruan,
conductorfbrakeman/hostler, shop workers, and clerk and
signal workers) were defined using the 39 job codes listed in
the original cohort study [Garshick et al., 1987a, 1988]
Since the case-control studv also included subjects with
occupational codes in these job groups not selected for the
cohort study [Garshick et al.. 1987a], additional analyses
wete conducted with these other railroad job codes included
in ordec 12 increase the number af sihjects in ench smoking
category.

Mail Survey

Smoking habits in living railroad workers were based
on 514 white males on the payroll of an active U.S. railroad
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who had responded to a mail survey in 1982 (Garshick et al.,
1987b]. Smoking status was based on self-reported answers
to the following guestions [Ferris, 1978): "did you ever
smoke,” and “do you smoke now?" Ex-smokers were
workers who had quit smoking more than | month before
completing the guestionnaire. Additional data were gath-
ered on average cigareties per day consumed and duration of
smoking. inciuding age at initiation and age upon cessation,
When only ICC job codes used in the cohort study were
used to define smoking categories, the sample was reduced
to 220 white males. When all occupational codes included
in the engineer/fireman. conductor/brakeman/hostler, shop
workers, and clerk and signal worker job groups were used,
the sample included 413 white males. Because sample sizes
precluded analyses using more detailed defiaitions of
smoking. smoking was cousidered in three categories:
current smokers, former smokers. and never smokers.

Smoking Adjustment

A method proposed by Schlesselman [1978] and
Axelson [1980] was used to adjust the relative risk of lung
cancer for the effects of smoking. Smoking edjustment
factors were obtained based an deceased (case-control) and
living (mail survey} railroad workers. For each diesel
exhaust exposure category (job group) a smoking-weighted
relative risk was calculated by using the distribution of
workers in each smoking category to weight literature-based
relative risks [Burng et al., 1997, Hrubek eral,, 1997} of lung
cancer due 1o cigarette smoking, described in Appendix A.
A smoking adjustment factor was calculated for each job
group by dividing the smoking-weighted relative risk for
warkers exposed to diesel exhaust by the smoking-weighted
relative risk calculated for unexposed workers. The adjusted
relative risk for each job group was obtained by dividing the
observed relative risk by the smoking adjustment factor
{Appendix B). A method tu derive confidence lunits for this
estimate of relative risk is also described in Appendix B.
This method takes into account the sampling error in
determining the smoking proportions among occupational
groups. SAS version 6.12 [SAS Institute, 1996] was used to
generate frequency distributions of cigarette smoking, and
Microsoft Excet [Microsoft Corp., 1997] spreadsheets were
used to apply the smoking adjustment methodology. Mean
years of smoking, mean years since quitting, and cigarettes
smoked per day were compared among job groups using
either ANOVA or a Kruskal Wallis nonparametric test as

appropriate.

RESULTS

Of the 55.305 railroad workers selected baced on age
and job category in 1959, 36% were in the youngest age

stratum (40-~44) and 8% were in the age stratum §0-64
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3
YABLE |, Number af Warkers and Lung Cancer Deaths in Each Occupational Group in a Cohart of 55395 Rairoad Warkers with Lung Cancer Martality

Asceriained 18591976

Agein1858

4044 4548 3054 55--58 g0-84 Total

Total 20,076 (36,2} 13,841 25.2) 9,846 (17.8) 7237 (13.4) 4,295(7.8) 55385

Unexposed :

Cletk/signal maintainers 4,866{247) 3,138(22.5) 2503(264) 1884 (276) 1321 (30.8) 14023
Exposed : :

Enginegrs/firemen 4,052 (20.2) 2,651 (20.5) 1,863(18.9) 1,887 {13.9) 840 (18.6) 1008

Brakemen/conductors/hasiers 7.352 (36:6) 5,108 {366) 2911 {288) 1923 (2B6) 982(22.9) 18I

Shop workers 3.706 (18.5) 2,842 (204) 2469(25.1) 1823 (266) 1162 (268} 12092

Lung cancer deaths 248 : 295 314 338 184 1389
Median refirement year® 1977 1974 1974 1967 1863

3elirement yeat based on fodow-up through 188D,

(Table I). Approximately 69-77% of workers in each age
swatum worked in jobs with potential dicsel exhaust
exposure since dieselization of the railroads did not occur
until the mid-1950s. Younger workers would have had the
opportunity for a greater duration of exposure, as evidenced
by their later retirement year compared to the other groups.
The older workers would have had the least opportunity t
work in a diesel exhaust-exposed job after 1959. Based on
work in a diese) exposed job in 1959 and within each of the
three occupational groups classified as diesel exhaust
exposed, workers age 40-44 in 1959 had the highest
relative risk of dying of lung cancer, while the older workers
had lower relative risks [Table Ila]. These resulis are similar .
to the findings of the original analysis conducted through
1980. . :
Since the case-control study excluded workers born
before 1800. it was nnt possible to determine smoking
frequencies for the workers age 60-64 in 1959. Based on
job title in 1959, workers categorized as shop workers
tended to smoke the same or less than the unexposed.
workers (clerks and signal maintaivers, Table I11), using the
job codes in the cohort study. Engineers/firemen and
brakemen/conductors/hostlers tended to have a greater
prevalence of smoking compared to unexposed workers.
There were more never-smaokers among the older workers,
consistent with increased early mortality in younger workers
who smoke. -
Table 117 also shows the smoking-weighted relative nsk
for lung cancer in the occupational groups and the smoking
adjustment factor (ratio of exposed/unexposed) for each
category of diesel exhaust exposure. Adjustment factors
greater than | reflect the positive confounding effects of
smoking and adjustment factors less than | reflect negative

confounding, in which the workers in the exposed job
categories smoka less than workers in the unexposed
categories. The smoking adjustment factors for the engi-
neers/firemen and brakemen/conductors/hostlers in the
youngest age straum are all above 1, and are greatest in
the 5054 age group. Shop workers generally have smoking
adjustment factors equal to or less than 1. Among workers
aged 40-44, additional analyses using all subjects in the
occupational groups increased the clerk/signal group to 206
subjects (12,6% never smokers), and workets {n the exposed
group 1o 342 subjects (7.7% never smokers). Among
workers aged 4549, additional analyses using all subjects
in the occupational groups increased the clerk/signal group
to 298 subjects (12.4% never smokers), and workers in the
exposed group to 342 subjects (12.2% never smokers), The
prevalence of smoking and smoking adjustment factors
similar to those presented in Table III were obtained when
all job codes used in the case-control study were included
{data not shown).

Within the smoking categories, mean years of smoking
were determined for all current smokers, and stratified hy
<20 and > 21 cigarettes per day and compared among the
diese] exhaust exposure categories (clerk/signal. engineers/
firemen, brakemen/conductors/ hostlers, and shop workers).
A similar analysis was done for years quit among ex-
smokers. and average cigarettes per day were compared
within smokers and exa-smokers. Among subjects corre-
sponding to workers in the cchort aged 40-44 and 45-~49.
the workers with the greatest risk of lung cancer, there were
small differences in smoking behavior (cigarestes per day
and years smoked} that were not significant (P = 0.08-0.80)
across occupational groups. However, within the subgroup
of subjects who had quit smoking > 10 years and using job
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TABLE Ma. Relative Risk (RR) of Lung Cancer due to Diese) Exhaust Expasure by Occupational Group ina Cohort of 55,395 Raiiroad Workers Followed from

19581078
Desupationsl groaps”
Brakemsn,
Engingsrs and firemen conductars, hostiars Shapworkars Total sxposed

Age in 1955 (years) AR 55% ol RA 85% Gt 4 85%Ci RR 95% Ci
4044 183" 124269 1.59° 111227 132 0.86~201 158~ 114220
45-49 1.31 081~187 128 0.83-177 123 086176 128 095-1.7
§50--54 165~ 120-2.28 115 0.84-156 087 069-135 121 093~158
5559 101 072141 124 082-165 112 0.83-150 113 0.87-143
6064 072 0.46-113 130 080-187 083 D64-135 088 0.72-134

pesLlis are ‘ram Poissen regression conreling for allained sge anc calender year
*P < DOS.

TABLE1b. Relative Risk {RR)of Lung Cancerdue ta Diesel Exhaust ExposureinaCohort o 55,385 Railroad Workers Followed from 1358 ta1876 After Smoking

Adjustment has baen Applied

Oecupational graups™

Brakemsn,
Enginaersand fireman conduciors, nostlers Shiop workers Tatal expozad
Bgoin 1953 {yaars) RR 83%Cl RA 5%l BR 5% 01 RR 95% B
AD—44 1617 107 -244 145 089-214 127 079-204 144" 101205
4549 W7 079174 108 0.76-154 1.21 0.80~183 112 081-154
5054 130 0981186 0585 067-136 108 070~1587 104 077-141
5558 105 071158 124 0.88-176 128 0.86-194 118 092~15%

*Criginal Poisson regressions adjusted for celendar year andallaineszge.
"P <005 ' :

codes selected for inclusion in the cohort study, differences
were statistically significant (P = 0.01): unexposed subjects
had srmoked a mean of 19.9 years (o= 18), compwed 0
subjects in the engineer/fireman group (29.0 years. n=21),
the brakeman/conductor group (27.9 years. n=40), and the
shop workers (23.1 years, n=8). When all job codes were
considered in subjects who had quit smoking > 1Q years
ago. mean years of smoking were similar (clerk/signal 25.6
years. n =49: engineers/firemen 29.0 years, n=21; brake-
men/conductors/hostlers, 27.9 years, n=41: shop workers
23.7 years u= 8; £ =0.26).

The Poisson regression estimates for relative risk of
diesel exhaust and lung camcer were divided by the
adjustment factor to yield the new adjusted relative risk.
Adjusling for cigarelte smoking reduced the estimaes of
relative risk for workers aged 40-44 in each occupational
Zroup by 4—-12% (Table [Ib). The estimate for the engineers/

firemen in the age group 50-54 in 1959 fell from 1.65 o
1.30 (21%). The relative risk of dying of lung capcer in
workers aged 40—44 in the job group engineers/ficemen and
brakemen/conductors remained elevated, as did the overall
risk for this age group after adjustment for cigarette
smoking.

Table IV shows the smoking characteristics of railroad
employees who were surveyed in 1982. Because of sample
size constraints, it was only possible to stratify age into two
groups: < 50 years old and > 50 years old, and smoking
into three groups: never, current, and sx-smokers. For
similar reasons, engineers/firemen and brakemen/conduc-
tors/hostlers were combined into one exposure calegory.
The ICC codes used werg the job codes used in the
retrospective vuhort study for all occupational groups. For
workers > 50, the adjustment factor for the exposed
workers was less than 1, whereas for the workers <30,
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TABLE lIL. PercentolIndividualsin Each Smoking Category by Occupation and the Weighted Relative Riskof Smoking on tung Cancer MortalityIn aSampleo!

Rafiroad Workars who Died Between March 1981and February1982

Agein 1959
40--44 4548
Braksmen, Brakemen,
Clark, Englaeers, conductors, Shop ' Yutal Clark, Enpineses, conducters, Shop Yatal

Sampla tharacteristivs” sipral  flremen hostiers workers axposed” sigral  flremen fostiar  warkers uposnd‘
Cigarettes per day;

Nane 145% 58% 17% 94% 7.3% 16.3% 12.8% 100% 105% n1%

20 or fewes 15.8% 16.5% 214% 250% 20.1% 267% 231% 244% 26.3% 241%

21 27.8% 33,0% 310% 25.0% 31.0% 17.4% 2919% 269% 10.5% 23.5%
Ex-smokerquit < 10y1s 18.4% 24.3% 15.5% 15.6% 18.5% 7.0% 16.2% 15.6% 280% 175%
Ex-smokerquit > 10yrs 23.7% 20.4% 244% 250% 23.1% 326% 24.8% 231% 237% 238%
Sample size 78 103 168 32 303 88 7 180 38 318
Srmoking weighted RR® o244 12.74 1225 1164 12,35 122 12,50 1337 140 1281
Agjustment factor 10600 1133 1080 1035 1089 1000 114 1192 1017 1142

Apa in 1959
5054 8558

Cigarettes perday.

None 19.8% BA% 13.0% 28.6% 15.0% 18.0% 14.0% 16.7% 35.6% 198%

20 of tewer 15.8% 26.5% 23.2% 16.1% 227% 214% 172% - 22.5% 170% 19.5%

21+ 138% 20.5% 21.3% 125% 18.0% 2% 9.7% 8.3% 102% 82%
Ex-smakerquil << 10 yrs. 17.8% 18.3% 13,8% 178% 16.6% 101% 181% 15.0% 10.2% 140%
Ex-smokerquil 2> 10yrs. 32.7% 25.3% 2B7% 250% 28.7% 39.3% 441% 375% 271% 375%
Sample size 101 83 108 56 247 89 a3 120 58 272
Smoking weighted BR® 1006 12.74 1208 0934 1168 847 818 845 7.34 T s
Adjustment factor ¢ 1000 1267 1202 (323 1162 1000 0.968 0897 0.868 0958

*Oecupationat groups includeonly ICT job codes that are used in the cahort study.

Yool sxpusad conglsts of enginee:s. fremen, brakernan, sondiiciars, hosllars. and shop workers combed.
SWeighled RR is the reigtive risk of lung cancer dugto smoking weightad by the proportionaf smokers in each smoking calagory. See Appendix Afor theactual relaiiverisks used i the cacualion.
adiustment zciet Is the ralio ol ths weighled relafive risk ot diesel-exposed and diesel-unexposed workers, tepresenting fhe extent Io which difesert smoking habits may confeund therelauonship

betwean diesal exhaust exposure and Ring cancer.

the adjustment {actor for the enginesrs/firemen and brake-
men/conductors/hostlers was 1.138, values similar 1o those
reported in Table 111 There were no significant differences
in cigarettes smoked per day, years of smoking, or in years
since yuitiing smmoking among occupational groups within
each age group (P =10.08-0.79), If these smoking adjust-
ment factars were applied to. the relative risks in Table Ila,
the estimates of relative risk for lung cancer due to diesel
exhaust exposure would be comparable 1o the relative risks
presented in Table Ilb. Furthermore, adjustment factors

sirnilar to those preseated in Table IV were obtained when
all job codes in the case-control study were included (daia
not shown).

DISCUSSION

The relative risk of lung cancer mortality due to work in
a job with diese) exhaust exposure in a retrospective cohort
study in U.S. railroad workers was adjusted for the effects of
cigaretie smoking using job-specific smoking information
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TABLE IV. Percent of Individuals in Each Smoking Category and the Weighted Relative Risk {RR) for Lung Cancer dus to Smoking in a Poputation of Living

Railroad Workers froman Active Railrpad in 1982

- Current age{ynars)
<88 > 50

Enginaars, Tutal Enginaers, Total
Sampls chaisetaristics”  Glerk,slgnal  conductors® Shap warkars sxpnaed” Clerk, Signal c_nuuetm' Shop warkers  sxposed®
Never 23.5% 13.5% 414% 214% 12.2% 158% 33.3% 20.3%
Current 35.3% 43.2% 20.7% 368% 34.2% 318% 2687% 30.5%
Ex-Smoker 412% 43.2% 378% 41.8% 53.7% 52.3% 400% 49.2%
Sample size 17 2| 103 41 44 15 59
Smaking weighted RR 9 1133 12.88 8.50 166 1036 9.85 820 943
Adjustment factor® 000 1138 0.750 103 1000 0.851 0.791 0809

?All ocsupational groups consistofIGC job codes that are used inthe cahorl sludy,
PEngineers and conduclors also include ftamen, braiemen and hostiers.

“Total exposed consists of 2ngineers. fremen, brakemen, conduclors, hastiars. andshop workers tombined.
*Negh!ed AR1sthe relalive risk of ung cancer due to smoking weighted by the proportion of sriokers in sach smoking category. See Appendix A for the actual relatlve nisks Lsad in the caleulation
“Adjusiment 1actoris the ratio ol the weightad relative risk for dieselezposed and diesel-unexposed workets, iepresenting the extent [0 which different srmoking hatels may conlouag the relationship

telwesndiesel extraust exposure and \ung cancer,

available from other railroad workers. Among younger
workers (ages 40—44 in [959) who had died in 158(-1982,
engineers/firemen and brakemen/conductors/hostlers in
1959 had a slightly greater prevalence of smoking compared
to workers unexposed to diese! exhaust When adjusiment
factors that incorporated the differences in smoking
prevalences were applied to the relative risk of lung cancer
atrributable to wark in a diesel exhaust exposed job. the risk
remained elevated among the younger workers in the cohort
study. Smoking adjustment factors obtained from live
railroad workers were similar to smoking adjustment factors
obiained from deceased workers.

A potential weakness of this methodology applied to
the retrospective cohort study relates to the sources of
information on smoking. The effect of changing cigarette
habits over time and its impact oa mortality cannot be
considered directly in the retrospective cohort study, Using
deceased workers also overestimates the proportion of
smokers in both the exposed and unexposed categories,
since cigarette smoking is a risk factor for numerous causes
of death. However, it is unlikely that the smoking behavior
between 19539 and 1976 changed differently among the
exposure groups. With the exception of ans group, the
number of cigarettes smoked and years since quitting
smoking were similar among the exposure groups suggest-
ing that smoking behavior was similar and unlikely 1o
sccount for the overall effects of working in a diesel
exhaust-exposed job. The adjustment factor would also
not be altered due to the inclusion of the saoking histories

of deceased workers because the factor comprises the
ratio of smoking behaviors in exposed and unexposed
categories.

The cffects of using a deccased population to cstimate
the effect of smoking in the cohort study also depends on
whether there {s an interaction between smoking and diesel
exhaust on lung cancer. The proportion of deceased smokers
in the diesel exhaust-exposed jobs would be greater if
interactions were indeed present and, therefore, would
exaggerate the true differences between exposure-specific
smoking rates among living workers. Implicit in using the
same relative risks for lung cancer mortality due to smoking
for the diesel exhaust-exposed and uoexposed categories is
the assumption that there is no interaction between diesel
exhaust and smoking that would modify the risk of {ung
cancer associated with smoking. The indirect adjustment
methodology would then be inappropriate because we
wauld not have accurate relative risks for the joint effect
of smoking and diesel exposure on the risk of lung cancer
mortality for use in the caleulations. Emmelin et al. [1993)
present limited data suggestive of a more than additive
intezaction, but their study lacked the power to be
ennslusive, Dverall, there iz insufficient information in the
Literature to assess whether there is 2 more than additive
interaction between diesel exhaust and smoking in the
occurrence of lung cancer.

Infortuation on cigarctie sinuking frum the case-control
study was available from surzogate responders rather than
the individuals whose deaths were reported. However,
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Rogot and Reid {1975] found that surrogates were able to
provide complete agreement in 92% of cases, differentiating
between regular smokers and occasional or non-smokers.
There was a tendency for the surrogate to overestimate the
amount smoked, and agreement on amount smoked was
present in 74%, Kolonel et al. [1977] found that a surrogate
was in agreement 96% of the time regarding ever smoking,
84% of the time within 4 years of starting smoking, and
78% were within 10 cigarettes per day in estimating
cigarette consumption. The mean number of cigareties
siuked per day reported by the surrogate was also greator
than that reported by subject. Lerchen and Sanet [1936]
noted perfect agreement among busbands and wives in
reporting ever vs. never smoking cigarettes. There was no
difference in reporting means years of smoking, age starned
smoking, and average number of cigarettes reported per
day. Mclaughlin et al. {1987] reponed the accuracy of
smoking histories first reported in 1971-1975 in men,
and recalled by sponses and the initial respondent in
1982-1984. Spouses were able to report whether a person
was an ever-smoker or non-smoker in 92% of cases,
which was similar to the recali of the individual himself.
Mean years of smoking were similar as well, Of 10,226
household proxy-respondent pairs, current smokers were
identified correctly 96% of the time; ex-smokers (callapsing
years-quit) were identified correctly 87% of the time, and
never-smokers 8§1% of the time [Hyland et al, 1997].
Therefore, proxy respondents are generally able to report
cigarerte smoking status, and tend not to underestimate
consumption. The extent to which smoking status is
misclassified is unlikely to differ based on diesel exbaust
exposure category.

Only limited information on smoking iu railroad
workers is available from the literature. Brackbill et al.
[1988] from the National Health Information Survey
(NHIS) reported that in currently employed railroad
workers 31.5% never smoked, 44.3% currently smoked
and 24.2% were former smokers in 1978—1980, but they
did not distinguish among railroad jobs in detail. However,
in 703 rail conductors included in the survey 40.7%
were current smokers and 38.4% were never smokers.
Stellman et al. used the American Cancer Society Preven-
ton Swdy II to characterize the smoking habits across
different occupational groups in 1982 [Stellman et al.,
1988]. In a sample of 1,166 railroad workers they found
that 19.7% were never smokers, 33.6% were curmrent
cigarette, pipe, or cigar smokers, and 47% were former
smokers. The greater proportion of never smokers in these
studies compared to our case-contro] study is cousistent
with the increased mortality attributable to smoking. The
data from individuals who died berween 1981 and 1982
closely represent the smoking habits of workers who
died in the actual retrospective cohort between 1959 and
1976,

It is possible that risk factors for lung cancer other
than smoking are associated with job category. Asbestos
was used in the engine repair shops and the shop workers
had the potential for exposure [Garshick et al., 1987b].
Although job categories with the potential for the heaviest
shop asbestos exposure such as boiler makers were excluded
from the cobort [Garshick et al., 1988]. it is likely that other
shop workers incladed in the cohort were exposed to
asbestos, which could contribute to the risk of lung cancer
in this group. Dietary factors [Albanes et al. 1996;
Fontham, 1997; Omenn et al., 199&; Veierod st a1, 1947]
and other factors associated with lifestyle [Bandera et al,
1992; Knekt et al.,, 19917 have also been associaled with
lung cancer. However, it is unlikely that there are such
significant dietary and lifestyle differences nmong subjects
in this blue-collar cohort that would account for an elevated
risk of lung cancer. We conclude that the original design
of the cohort study was stfficient to eliminate the major
effects of cigarette smoking as a confounder through the
use of clerks and signal workers as an internal referent
population. This conclusion is consistent with Siernjatycki
et al. {1988] who also found that differences in smoking
prevalence for lung cancer among various blue collar
populations and a reference general population is not likely
to have an adjustment factor of more than 1.2, and at most
1.3. Correction factors obtained in this study were generally
less than 1.2, A study by Blair et al. [198B] examined the
effects of smoking on the standardized mortality ratio for
lung cancer, based on differences in smoking proportions
among conductors and locomotive engineers compared to
the general population. They report a small increase in the
standardized monality ratio from 123 to 128, further
indicating that the absence of smoking data does not
seriously confound this study. While the relative risk of lung
cancer associated with diesel exhaust exposure is small, the
effect of residual confounding is possible, though unlikely.
Comparison of the effects of diese! exhaust exposure within
a blue-collar population as done in the cohort study remains
an efficient way to minimize the potential confounding
effects of smoking.

As presented in this paper, the indirect adjustment of
the data that consider the effects of smoking adds confid-
ence to the association found between diesel exhaust
exposure and lung cancer. An overall limitation of the
literature describing the relationship between lung cancer
and diese! exposure is 3 lack of 2 cohort with a long dura-
tion of exposure and follow-up (>20-30 years). together
with a detailed exposure assessment that specifically
measured diesel cxhaust. Since occupational lung cancer
typically develops over many years. the finding of a
relationship between lung cancer and diesel exhaust
exposure in such a cohort would lend considerable
weight in support of declaring diese] exhaust a definite
human lung carcinogen.



APPENDIX A: Relative Risks for Lung
Cancer due to Smoking in White
Males used to Determine its
Potential Confounding Effect on

the Association Between Diesel
Exhaust and Lung Cancer

Age at dgath®

Impking status 62~ 88 8771 72-78 77=81

Ueceased Raliroad Workers {Case-Control Study):

Non-smoksr 1 1 1 1

120 cigarettes per day 128 14.8 148 148
21+ cigarettes per day 193 234 234 234
Ex-smaoker <10 yrs quit 15 15 1ns 115
Ex-smoker > 10 yrs quit 6.8 68 5.8 6.8

*Eachage range selected by ageing thecohort divided byage In 1959 (40— 44,45~ 49,50 54,
55-50) by 22 years,

Age
Smioking status <&@ >50
Live Railroad Workers (Mail Survey):
Non-smoker i 1
Curient smolker 18 19.3
Ex-smoker 15 6.8

1. Data for current smokers takenirom: Burns 8, Shanks T, Chol W.Thun M. Heath C.Garlinke! L
The American Cancer Society cancer prevention study & 12-year lollowup of 1 milion men and
wamen, In:Bumns D, GarlinkeiL. SamelJ, eds..Changesincigaretie-related disease risksand their
impication for prevention and conrol National Institules of Health, 1997 p157.

2. Datalorex-smokers taken from; Hrubek 2, ML augniinJ. Former cigarette smoking and mor-
lalityamang US.velerans: A 26-year {nfowup, 1954 ~1980.in: Burns D, Garfinkel L, SamelJ ads.,
Changes in rigaretewrelated diszase risks and their implication for prevantion and contral
Natianal Instilutes of Heallk 1997: p A0S

3. Inthecases when (e ags calegovies in the raliroad workers did not ma'ch the age groups
Irom thiese hwa sepatts, {he relative 1isks from the age calegories thal were mast simiar were
used.

APPENDIX B: Confidence Intervals
for Adjustment Methodology
Proposed by Schlesselman and
Axelson [Axelson, 1980;
Schlesselman, 1978]

A generalized form of Axelson’s formula appears
below in equation (1. The terms in the numerator and the
denominator of equation (1) consist of multiplying the
proportions of individuals in each category of a confounder
by the relative risk of disease associated with the
confounding category. The numerator is the exposed group,
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while the denominator is the unexposed group. Thus, the
ratio of the numerator ta the denominator defines S, which
Schlesselman calls, “‘the ‘spurious’ effect of C [a con-
fo =der] on the apparent relative risk under the assumption
of no interaction” (Schlesselman, p. 3). Other terms include
k, which is the number of levels of the confounding variable.
The first level of the confounder is the reference group with
an implicit relative risk of disease equal 10 one. RR; is the
relative risk of disease due to the ith level of the confounder.
P.; is the propertivu of individuals iu the ith {evel of the
confounder, noting that the numerator coosists of only
exposed individuals and the depominator consists of
unexposed individuals. Therefare, x; can be called the
weighted relative risk of disease due to the confounder for
an exposed group and x; can be called the weighted relative
risk of disease due to the confounder for an unexposed

goup.

%
> (RR;) B.i, exposed + [
i="

P, exposed]
<l

¢
=3
= =
S == " X
Z(RRi) B, unexposed + {1 - Z B ;,unexposed}
P )

___Yexposed __ﬂ ( 1
Lupexposed X2

Any deviance of § from one represents the positive or
negative effects of the confounder. More specifically when §
is greater than one, the confounding effect is positive. When
3 is less than one, the confounding effect is negative,

Adjusting an estimate of relative risk for confounding
effects calls for equation (2), in which RRqp,

RRpue = 2 @)
represents the relative risk of disease due o an exposure that
has not considered the canfounder and RR,,. represents the
relative risk of disease due ta an exposure that has adjusted
for the effects of the confounder. Dividing the observed
relative risk by the adjustment factor yields an estimate of
the relative risk, that accounts for the confounder.

Because § is subject to sampling error, the following
wransfarmations are necessary to calculate coafidence limits
for RRrues

INnRRpe =N RRgps — In § (3)
var(ln RRewe) = var(ln RRow.) + var(ln 3) (4)

The general formula for 95% confidence limits is the
following:

95% CI for In (RRie) = In(RRyye) = 1,961/ var(in RRy:)

(s)



Larkin et al.

408

and requires variance estimates for S and the variance for the
observed relative risk. The estimate for the observed relative
risk can be taken from various statistical packages that
provide multivariate output. The § cornponent is the ratjo of
the weighted relative risks in the exposed and unexposed
groups. lts variance can be determined by the following
equation:

var (In 8} = var (In x;) + var (In‘Xz) (5)‘

The following approximation can be made by the delta
method:

™

for x;: var (ln x)) = 2 var {=0)
]

The variance for x; can be calculated by the following:

x X
var(x() = VEI{Z(RRi)Pci + {1 - Zi’a} } (8)
= var{l - Z(RR‘, - 1)P¢f} (83)

i

k
Z(RR; - 1)2 var P
=2
%

SRR, — 1)(®R; — 1) cov [P, Py]

=2
i,

+2

=

i

Loos

(8b)

A similar formula holds for xp.

Calculating the variance of x; and the variance of x» for
equation (8) requires the following variance and covariance
calculations, noting that each is calculated separately for Gie
exposed and unexposed groups.

- Ci
P = — 9
Nxmal { }
varP,; = M (10)
i 101_«6
cov (B, 2] = _(i;‘i‘:’l (11)
Totl

Calculating the proportion of individuals in each level of the
confounder requires dividing the number of people in each
category (C;) by the total number of individoals {Nygi)-
This methodology assumes that the point estimates of
relative risks of disease associated with the confounder have
no variability. In actuality, such relative risks are subject 1o

error; therefore modification is required for equation (8) to
incorporate the variability of the estimates. Such modifica-
tion, even if the data were available, is likely to be small and
may be excessive to add to indirectly adjusted estimates.
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